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INTRODUCTION 
The development of small bodied egg laying chicken strains, capable 
of producing eggs at a high rate and of a satisfactory size, has been a 
primary goal of commercial poultry breeders for the past 30 years. On 
the other hand, Dickerson and Hughes (1964) reported decreased production, 
higher adult mortality and delayed sexual maturity for hens that weighed 
less than a prescribed optimum. They also observed poor performance in 
flocks of normal weight that had little breast fleshing but excess 
abdominal fat. 
Variation in body weight is a function of skeletal size, assumed to 
be mostly genetic, and of condition (fleshing), assumed to be mostly 
environmental. Dickerson and Hughes (1964) and Nordskog and Briggs (1968) 
have concluded that the maintenance of satisfactory body condition is an 
important component of efficient egg production. Tierce (1973) used 
shank length, breast probe and abdominal skin pinch, respectively, as 
estimators of bone, muscle and fat in laying hens at 21 weeks of age. The 
question remains, however, as to the limits of the range in body condition 
when laying commences that represents an optimum for maximum production. 
The plan and objectives of this study were: (a) to monitor body 
composition and reproductive performance between 23 and 66 weeks of age in 
laying hens, (b) to estimate the coefficient, k, of static allometry, 
derived from a mature population of hens (66 weeks of age) from the 
relationship Y = bX^, where Y is the dependent trait (shank length, 
abdominal skin pinch, breast probe, fat score, oviduct weight and 
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ovicluster weight) and X is the independent trait (body weight), (c) to 
estimate k from a cross sectional analysis of mature hens between 23 and 
55 weeks of age for condition estimators as the dependent variable and 
total body weight as the independent variable, (d.) to determine the extent 
to which changes in the indicator traits (shank length, breast probe, 
abdominal skin pinch and fat score) and the carcass (eviscerated, oviduct 
and ovicluster weight) traits account for variation in live body weight in 
mature hens, and (e) to estimate the phenotypic and genetic correlations 
between the body composition and the reproductive traits, with special 
reference to the relationships between body weight, body condition and 
egg production traits. 
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LITERATURE REVIEW 
Relationships Between Body Composition 
and Reproductive Performance 
A conflict seemingly exists between commercial poultry breeders and 
commercial egg producers. Breeders generally favor small or intermediate 
size birds because they require less feed for body maintenance. On the 
other hand, producers usually find that the best performers are birds 
with the heavier body weights. 
Nordskog and Briggs (1968) hypothesized that maximum performance is 
obtained when husbandry practices permit the flock to reach its optimum 
frequency norm for body weight. Since genetically different strains 
theoretically have different norms for each environment, practices that 
cause body weight to deviate from the optimum norm would lower egg pro­
duction. They concluded that body size (bone framework) as genetically 
determined, is less important than the maintenance of satisfactory body 
weight (condition) through proper nutrition and management. 
Waters (1937) observed a steady increase in egg weight from sexual 
maturity up to 11 months of age at which time both maximum body and egg 
weight were obtained. He also noted that the earliest sexually maturing 
birds weighed 31.4% more than latest maturing birds at 4 months of age. 
Francis and Finkner (1970) found no uniform increases in the percent­
age of body weight for either the ovary or oviduct in 7 different weight 
classes of laying hens at 20 weeks of age. They stated that although some 
birds were considerably heavier at housing time than others, the increase 
in weight was not due to the increase in ovary and oviduct weight but to 
4 
general body growth. 
Littlefield (1972) was unable to show significant differences in 
abdominal fat weight or liver weight between different strains. However, 
fat expressed as a percent of body weight, was significantly different 
(P < 0.05) between different strains of broilers. He also observed that 
the strains with the smallest percentage of abdominal fat had the highest 
feed efficiency. 
Kamar e^ al. (1972) demonstrated that increasing the photoperiod 
stimulated earlier sexual maturation but did not stimulate growth; con­
sequently, the earlier maturing pullets tend to be lighter than their 
later maturing penmates. First egg also would tend to be smaller for the 
earlier maturing pullets. These findings were in accord with the biologi­
cal relationship between age and body weight at sexual maturity as stated 
by Morris (1962), and Kamar (1961). Kamar e_t (1972) found that an 
extension of the photoperiod yielded decreased ovary and oviduct weights; 
yet early maturing hens had heavier ovaries and oviducts than late 
maturing hens. The number of follicles decreased as the photoperiod 
increased but follicle size remained constant. 
Muir e_t al. (1974) determined that both body and egg weight increased 
with age in sex-linked females between 16 and 71 weeks of age. North 
(1974) observed that the relative weight differences between birds in a 
flock at 18 weeks tended to prevail until the end of the 52nd week of 
laying. Thus, birds in the lightest weight category at 18 weeks of age 
were in the same weight category at 70 weeks of age. This relationship 
also held for the four other progressively increasing weight classes. 
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He presented evidence that the lightest, and sometimes the heaviest mature 
pullets were the poorest layers. 
Tierce (1973) showed that bone was the most important indicator 
trait contributing to the variation in 21-week body weight, accounting 
for 28% of this variation. Variation in internal fat accounted for 11% 
of the variation in body weight at 21 weeks of age and the reproductive 
organs accounted for only 2% of the variation in live weight. The com­
bined variance in carcass, viscera and reproductive organ weight accounted 
for 85% of the variance in 21-week body weight and 89% of the variance in 
32-week body weight. 
Phenotypic Correlations 
That a relationship exists between body weight and egg production 
was recognized many years ago. Sherwood (1922), Jull (1924) and Waters 
(1927) reported correlations between egg production and body weight of 
0.01, -0.11 and -0.02, respectively. 
Dickerson and Hughes (1964) observed that the highest egg production 
was found in flocks where good health and nutrition allowed pullets to 
weigh at least 4.0 lbs at housing. As flock-average body weights declined 
from 4.0 to 3.6 lbs, production to 72 weeks of age declined by 30 eggs per 
pullet housed. Production was seriously lower in flocks with lighter body 
weights. Egg weight declined 1/6 ounce per dozen for each 0.1 lb reduc­
tion in body weight at 32 weeks of age. Flocks with body weights averaging 
3.8 lbs in the period from first egg to 72 weeks of age continued in pro­
duction nearly two weeks longer than flocks averaging 3.5 to 2.6 lbs. 
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A difference of 6% in hen-day egg production (70% versus 64%) was also 
noted for flocks with body weights averaging 4.0 lbs as compared to 3.6 
lbs. These workers concluded that egg production is a function of normal 
physical development but is more strongly dependent on fleshing (condition) 
than on body weight alone. 
Similarly, Reinhart and Jerome (1970) found that when egg mass output 
and body weight are held constant, small bodied birds were more efficient 
in the conversion of feed into eggs than large bodied birds of the same 
cross. 
A study by Fowler and Quisenberry (1970) showed egg production was 
positively correlated with body weight. There was, however, an initial 
threshold weight above which further significant increases in egg produc­
tion were not observed. For maximum performance they estimated body 
weight should be 1300 g at housing for layer-type pullets. The correla­
tion between initial body weight and rate of body weight gain was negative 
but the correlations between initial body weight and egg weight and between 
initial body weight and livability were positive. 
Doran and Quisenberry (1971) observed that heavier birds had higher 
egg production and larger egg size than medium weight birds. The heavier 
and medium weight birds reached 50% production significantly earlier than 
did a light weight class of birds. However, feed efficiency was poorest 
for the heavy weight birds. The authors observed that the light weight 
birds had the highest mortality. Doran and Quisenberry (1971) noted that 
the addition of erythromycin thiocyanate to the diet had no effect on 
livability, egg size or feed efficiency in any of the three weight classes. 
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Doornebal et_ al. (1970) observed that strains selected for high egg 
production were significantly lighter in body weight, produced their 
first egg at a significantly earlier age and laid more eggs to 275 and 440 
days of age than did an unselected control. The authors determined that 
decreased fat deposition in the selected strains accounted for a majority 
of the body weight differences between the selected and control strains in 
the mature females. The remainder of the differences in body weight was 
due to lower protein, ash and moisture deposition. The authors suggested 
this represented a decrease in metabolically active body weight, and 
accordingly a change in the distribution of energy resources as a result 
of selection for increased egg production. 
In contrast to Kamar et al. (1973), Hurwitz and Bar (1971) did not 
find that late maturing hens weighed differently than early maturers. 
However, they found that pullets approaching maturity were heavier than 
mature laying hens because of a gain in weight during the short pre-
laying period. 
Hurwitz and Bar (1971) indicated that the onset of maturity was not 
significantly affected by dietary treatments nor was body weight affected 
significantly at the onset of production through six weeks of production 
by a change in the mineral content of the diet. They demonstrated that 
individual pullets initially lay at a maximal rate and then rate of lay 
progressively declines. On the other hand, a slow increase in production 
rate is observed from the onset of maturity to peak production when these 
parameters are based on flock averages. Similarly, on an individual 
(physiological) basis, egg weight evidently increases significantly only 
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during the first month of egg production but not during the first four 
months as is typically the case when observations are made in terms of 
flock averages- Hurwitz et al. (1971) demonstrated that based on physi­
ological age, individual hens reached maximum production one to two weeks 
after their first oviposition as compared to a one- to two-month time span 
when based on flock averages. 
Tierce (1973) observed significant correlations between egg weight 
and egg mass with body weight, abdominal skin pinch, shank length and 
carcass weight. Body weight had a significant negative correlation with 
sexual maturity. He also obtained significant correlations of -0.24 and 
-0.20, respectively, between relative growth rate and egg production and 
between actual growth rate and egg production. Also, highly significant 
correlations of 0.90, 0.61 and 0.30, respectively, were observed between 
carcass weight and live body weight, internal fat and shank length. 
Internal fat was also significantly correlated with body weight (P < 0.01) 
and abdominal skin pinch (P < 0.05) at 21 weeks of age in White Leghorn 
hens. He obtained a highly significant correlation between reproductive 
organ weight and carcass weight at both 22 and 33 weeks of age. On the 
other hand, there seemed to be no correlation between reproductive organ 
weight and eviscerated weight at 22 weeks but the correlation between 
these traits was significant (P < 0.05) at 33 weeks of age. He suggested 
that reproductive organ weight makes its maximum contribution to the 
variance in total body weight between the onset of sexual maturity and 
peak production. 
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Heritabilities and Genetic Correlations 
The genetic parameters for body weight related traits have been 
investigated by many workers. Kinney (1969) summarized the heritability 
estimates for body weight as reported in the literature by breed and age. 
His review shows that much of the variation is additive implying that 
body weight should readily respond to selection. 
Siegel and Essary (1959) estimated the genetic correlations between 
breast angle and live weight, breast angle and eviscerated weight and 
live weight and eviscerated weight to be 0.27, 0.06 and 0.98, respec­
tively, while the phenotypic correlations were 0.38, 0.38 and 0.96, 
respectively. 
From a survey of 176 heritability estimates for body weight between 
6 and 12 weeks of age Siegel (1962) reported the median estimate was 0.41. 
Goodman (1973), Tierce (1973) and Silva (1974) all reported intermediate 
to high estimates of heritability and genetic correlations for body 
weight. 
Siegel (1963) did not observe any differences in correlated responses 
among lines selected for age at first egg and egg production. However, 
correlated responses of traits with intermediate and high heritabilities 
were noted when the genetic correlations between the traits were high. 
Examples were breast angle with 4, 24 and 38 week body weight and breast 
angle with egg weight. 
Using randombred strains of White Leghorns, Clayton and Robertson 
(1966) concluded that the heritability of weight gain declined sharply 
with age after 12 weeks. Thus, genetic correlations between body weight 
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at 12 weeks and weight gain in subsequent periods were low. They obtained 
a negative genetic correlation between body weight at 12 weeks of age and 
sexual maturity but a positive genetic correlation between body weight at 
12 weeks and egg production to 44 weeks of age. They found little, if 
any, correlation between body weight after 28 weeks of age and egg pro­
duction or sexual maturity. 
Wide variation among lines in the genetic correlations between dif­
ferent reproductive performance traits and between the body weight and 
reproductive performance traits were reported by Nordskog e^ al. (1974) 
and Silva (1974). Wide differences were found between lines selected for 
different traits. 
The heritability estimates for shank length reported by Lemer £t al. 
(1947), El-Ibiary and Shaffner (1951), Abplanalp £t al. (1960), Merritt 
and Gowe (1962), Merritt (1966), Casey (1970) and Silva (1974) were in 
the same range as those cited by Kinney (1969) for body weight. The 
genetic correlations between shank length and body weight were generally 
found to be of an intermediate to high order. 
Body Conformation in Poultry 
A mathematical description of body conformation in poultry was first 
attempted by Jaap (1938) who proposed that the ratio of shank length to 
the cube root of body weight might be a useful criterion of conformation. 
He found low correlations between shank length, keel length, and body 
depth in turkeys of market age. 
Cock (1969) derived an index of relative shank length, i.e., (shank 
length) - 0.4 (log body weight), where 0.4 is the approximate average 
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value of the coefficient of ontogenetic allometry during postnatal growth. 
Casey (1970) proposed a condition index which was essentially the 
inverse of Jaap's (1938) index. The estimated heritability of his index 
was 0.08. He concluded that the low estimate was expected because condi­
tion is primarily determined by environmental factors. 
General Allometric Theory 
The study of relative growth was first put into a quantified form 
by Huxley (1932) in his book Problems of Relative Growth. He defined 
relative growth rate as the rate of growth per unit weight, i.e., the 
actual absolute growth rate at any instant divided by the actual size at 
that instant. He proposed that if X is the magnitude of the whole 
animal and Y the magnitude of a differentially growing organ, then the 
relation between them can be written 
Y = bX^ (1) 
where b and k are constants. This is called the growth equation or 
allometric equation of growth. The constant b has been called the initial 
growth index (Reeve and Huxley, 1945) and is easily estimated as the 
intercept of the logarithmic transformation of the allometric equation. 
The constant k is the ratio of the relative growth rate of the organ to 
the relative growth rate of the body as a whole. The ratio is constant 
for the range over which the formula holds. Laird et al. (1968) inter­
preted k as an index of the displacement in time of one growth process in 
relation to the other. 
Huxley (1932) based the growth equation (1) on 3 assumptions con­
cerning growth in general: growth is a process of self-multiplication of 
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living substance, i.e., that the rate of growth of an organism growing 
equally in all its parts is at any moment proportional to the size of 
that organism, (2) the rate of self-multiplication slows down with 
increasing age (size), and (3) growth is greatly affected by the external 
environment. He concluded that because the two latter considerations 
affect all parts of the body equally, growth rate of any particular organ 
is proportional simultaneously to (1) a specific constant characteristic 
of the organ in question, (2) to the size of the organ at any instant, 
and (3) to a general factor dependent on age and environment, which is 
the same for all parts of the body. 
Reeve and Huxley (1945) stated that the growth equation (1) allows 
us to ignore the time relationship of growth by relating the sizes of 
different parts of the body to total size, regardless of age. In other 
words, the allometric equation expresses the fact that form during growth 
is a function of absolute size rather than absolute age, in so far as the 
two measures are independent. They defined allometry as the change of 
proportions, morphological and/or chemical, with the increase of size, 
both within a single species (ontogenetic allometry or heterauxesis) and 
between adults of related groups (absolute size allometry or allomorpho-
sis). 
Through the use of a least squares technique, Lemer (1937), Reeve 
(1940) and Kidwell and Williams (1956) estimated the allometric constants 
b and k. 
Huxley (1932), Needham (1934), Lemer (1937), Pontecorvo (1938) and 
Reeve (1940) did not attach any biological significance to b, the initial 
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growth index, because b is merely the value of y when x equals unity. 
Although b may have a distinct bearing on preceding developmental history, 
no suitable biological interpretation of it has been proposed. 
Work by Pontecorvo (1938) on cattle indicated that the simple 
negative allometric growth of the forelimb throughout the whole of 
postnatal development seems a general rule of the species. Kidwell et al. 
(1952) demonstrated that the allometric equation, fitted to relative 
growth data, seemed to give a satisfactory quantitative description of 
conformation in cattle. They also estimated the heritability (by the 
half-sib correlation) of b and k to be intermediate to high in magnitude 
suggesting that the growth parameters of the allometric equations can be 
changed by selection. In general, they found that the growth parameters 
relating linear skeletal dimensions were more highly heritable than those 
involving muscular or fatty tissues. 
Measuring allometric growth in the Dark Cornish fowl, Kidwell and 
Williams (1956) found no sex differences for either the weight/tarsometa­
tarsus or weight/length relations although there was a marked sex 
difference in weight throughout development. At hatching, females were 
deeper of body relative to the tarsometatarsus and body depth relative to 
the tarsometatarsus increased at a greater rate in females than that of 
the males. Males had a greater body depth relative to keel length at 
hatching but females had a higher relative growth rate. At 4 weeks, the 
two sexes had the same body depth relative to keel length; thereafter, 
females developed greater depth relative to keel length. 
A cross sectional analysis has been defined as an analysis where an 
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entirely different sample of the population is measured at each age, 
whereas a longitudinal analysis is defined as an analysis where the same 
set of individuals are measured at each age (Cock, 1963). He defined a 
static analysis as one where one set of measurements are made on indi­
viduals all of the same age. From a cross sectional analysis, he showed 
that shank length increased more rapidly than the body as a whole up to 
10 weeks of age. However, at 20 weeks, growth in shank length stops 
whereas body weight continues to increase. 
Tierce (1973) in a static analysis on Leghorns, estimated the heri-
tabilities of k and b for shank length to be 0.27 ± 0.02 and 0.31 ± 0.02; 
respectively, but the sampling errors of these estimates were highly 
correlated. From a longitudinal analysis (measurements taken at 9, 13, 
17 and 21 weeks), Tierce (1973) found significant differences in the 
relative growth rate of bone and fat among individuals. He also showed 
that smaller pullets exhibited compensatory growth of bone and fat from 
9 to 21 weeks of age in agreement with an earlier study on compensatory 
growth in White Leghorns (Lemer and Asmundson, 1938). 
In broilers compensatory growth was demonstrated by Deaton e^ al. 
(1973), He showed birds fed a low energy diet compensated for their 
slower growth between 1 to 4 weeks by an increased growth rate between 4 
to 8 weeks when fed a high-energy diet. However, most of the weight was 
added on as fat. 
Lemer (1937, 1938a, 1938b) estimated k from the allometric equation 
(1) where X represented the shank length and Y represented either the 
pectoralis major, the tarsometarsus or the tibiotarsus. It was shown that 
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values of k were significant between individuals. Relative growth rate, 
as expressed by the difference between body weights at any two successive 
ages, consistently diminished while the k value generally rose to 12 weeks 
after which its value declined 20 weeks of age. This implies that the 
differential growth ratio is not a constant but varies with age. He also 
found that, irrespective of sex, the weight of the pectoralis major 
increased more rapidly than the weight of the whole body. The k's calcu­
lated for the tarsometatarsus were significantly greater than those 
calculated for the tibiotarsus suggesting the most actively growing bone 
was in the distal position and the slowest growing was in the proximal 
position. 
Lerner (1938a) also hypothesized that for all breeds studied (Barred 
Plymouth Rock, Black Minorca, reciprocal cross progeny, first crosses, 
backcrosses and Bantams) there exists a basic genetic interrelation of 
body parts which does not necessarily have a bearing on the ultimate size. 
Values of k for all of the leg bones in Bantams were found to be hypogonic, 
with respect to body weight, in contrast to all of the other breeds where 
definite hypergony was indicated. However, he found Bantams exhibited 
isogony in the case of the pectoralis major. 
An experiment on the selection of lines for high and low shank length 
was reported by Lerner (1943). The values for k in the low and high lines 
did not differ significantly indicating that the genetic variability of 
the relative growth pattern in the stocks used was either nonexistent or 
was so low as to preclude its demonstration through the use of bidirec­
tional selection. 
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MATERIALS AND METHODS 
The Data 
The data come from a long-term selection experiment on efficiency 
of egg production involving two White Leghorn lines, Q and R. The origin 
and description of the lines has been given by Silva (1974) and Sato 
(1975). Briefly, the selection criteria for the different lines were 
as follows: and R^, high part-record egg production, and R^, high 
ratio of egg weight to body weight, and R^, high ratio of egg mass 
to body weight, and R^, randomly selected control. Within each subline, 
the selection of breeders was made using the Osborne index (Osborne, 
1957a; 1957b) which gives optimal weighting to the individual's own 
record, its full-sib family average and its half-sib family average. 
In 1974, 198 birds of the Q sublines and 200 birds of the R sublines 
were used in the experiment and in 1975, 144 Q's and 192 R's were used. 
Because of the small number of birds per year-subline group, and the 
likelihood of very small genetic differences between the sublines 
(Silva et al., 1976), the respective subline groups were treated as "Q 
line" and "R line" populations. 
In 1974 and 1975, test birds of each line were hatched 2 weeks 
apart in late March and early May. The first hatch was reared at the 
Ames Poultry Science Research Center and the second hatch was reared at 
the Iowa State University facilities in Ankeny, Iowa. Used in the 
experiment in 1974, were 193 and 205 birds, respectively, from hatches 
1 and 2 and in 1975, 168 birds from each hatch. 
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The Q line birds at Ames and Ankeny, and the R line birds at Ankeny, 
were housed in floor pens, but the R line birds at Ames were housed in 
cages. 
Description of the Traits Studied 
In 1974 measurements on body composition and reproductive traits 
were taken at the single age of 66 weeks but in 1975 at the successive 
ages of 23, 27, 31, 35, 39, 43, 47 and 55 weeks. At each age 
classification in 1975, 3 birds from each subline in each hatch were 
measured. Most, but not all, of the same traits were measured in both 
years. All birds were weighed before housing at 20 weeks and then again 
just before slaughter. The latter represented the initial live body 
weight for this experiment. Weights taken on the sacrificed birds after 
bleeding and removing the feathers represented carcass weights and after 
removal of the internal organs and head eviscerated weights. All body 
weights were recorded to the nearest 0.1 kg. Oviducts and oviclusters 
were removed from each bird and weighed to the nearest 0.5 g. 
The indicator traits of shank length, breast probe, and abdominal 
skin pinch were measured immediately before slaughter. Shank length, 
regarded as an estimator of skeletal size, was measured to the nearest 
0.1 cm using a set of parallel jaw calipers. Breast probe, an estimator 
of fleshing, measured thickness of the pectoral muscle to the nearest 
mm taken one centimeter left and perpendicular to the anterior tip 
of the sternum. The procedure consisted of placing a hard rubber jig 
or guide, one centimeter in width, adjacent to the sternum and inserting 
a probe through the guide into the muscle (Tierce, 1973). The abdominal 
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skin pinch which estimates external fat deposition in a hen to the 
nearest 0.1 mm using a set of parallel jaw calipers was taken midway 
between the cloaca and the posterior tip of the sternum. Internal fat 
deposition was estimated by a subjective score which ranged from 5, 
indicating excessive fat deposition to 1, indicating little or no 
internal fat (Tierce, 1973). 
Four reproductive traits were measured in both years. Age at 
first egg, measured in days, estimated sexual maturity. In 1974, and when 
possible in 1975, egg weights, measured to the nearest 1.0 g at 32 and 
55 weeks, and Period 1 egg production rate, (PI) were recorded for the 
period between 20 and 32 weeks. 
Two production traits were recorded only in 1974: P2 percentage 
egg rate for the 32 to 50 week period and P3 percentage egg rate 
corresponding to the 50 to 66 week period. In 1975 only, 32-week body 
weight was measured on all birds sacrificed after 35 weeks of age. Also 
in 1975 only, total rate of egg production (P^) covering the interval 
from date at first egg to the time of slaughter, was measured. 
Statistical Procedures 
Estimation of parameters from static analysis 
Measurements made at 66 weeks in 1974 and at successive ages from 
23 to 55 weeks in 1975 were each used in a separate static analysis. 
Least squares estimates of the initial growth index, b, and the coeffi­
cient of static allometry, k, (Cock, 1963 and Tierce, 1973) were 
calculated. Computations were based on analysis of the log transformed 
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equation, log = log log(X_^^), solving for the unknowns 
and k^ for each line i, where Y^^^^ is the dependent trait and 
is the independent trait (body weight) of the 1^^ bird in the k^^ year 
at the 3^^ age of the i^"^ line. The dependent traits were shank length, 
abdominal skin pinch, breast probe, fat score, oviduct weight and ovi-
cluster weight. 
Estimation of phenotypic and genetic parameters 
The estimated phenotypic and genetic variances of the traits were 
derived from an analysis of variance and covariance of the nontransformed 
data using the Least-squares Maximum Likelihood Mixed Model General 
Purpose Program developed by Harvey, 1972. The statistical model used 
for the 1974 data was, 
^ijkln ^ijkln = % + + L^ + 
where : 
Y. , or X..,T = record on the measurement of trait X or trait Y 
X3 kin ij kin 
of the n^ progeny of the 1^^ dam mated to the 
k^^ sire of line of the i^^ hatch, 
M = population mean, 
= effect of i^^ hatch, 
Lj = effect of line, 
S., = effect of the k^^ sire of the i^^ line, jk 
D.,_ = effect of the 1^^ dam mated to the k^^ sire of 
Jkl 
the line, 
^ijkln ~ effect of the n^^ progeny of the 1*"^ dam mated 
to the k^^ sire of the line of the i^^ hatch. 
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Hatch and line effects were considered fixed while sire, dam and 
progeny effects were considered random. The statistical model used for 
the 1975 data was: 
^ijklnm \jklnm " % + + L. + + ^ ijklnm 
The terms in the model are the same as in 1974 except that an addi­
tional term, A^, the effect of the m^^ age, is included. 
Hatch, age and line effects were considered fixed while sire, dam 
and progeny effects were considered random. 
Tlie phenotypic correlation between 2 measurements, x and y, was 
computed from 
^ = xy xy xy 
' (°W + °D + *1 
X X X  y  y  y  
where: 
Oy = the within full-sib family covariance component between 
xy 
X and y. 
= the dam covariance component between x and y, 
xy 
Og = the sire covariance component between x and y, 
xy 
2 
Oy = the within full-sib family variance component of x, 
X 
2 
= the dam variance component of x, 
X 
2 
Og = the sire variance component of x, 
X 
I 
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2 
= the within full-sib family variance component of y, 
y 
2 
= the dam variance component of y, 
y 
9 
ag = the sire variance component of y. 
y 
The heritability of each trait, x, was calculated as: 
,2 '"S h = X 
^ -2-
"P 
X 
where: 
2 h^ = the heritability of x. 
2 
a = sire component of variance, 
X 
Op = phenotypic variance. 
X 
The genetic correlation between traits x and y was computed as; 
a 
s 
r = 
where: 
S S 
X y 
a = the sire covariance component between x and y, 
®xy 
2 
a = the sire variance component of x, 
X 
2 
a = the sire variance component of y. 
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The approximate standard errors used for heritability estimates were 
based on modifications of the formula given by Swiger ^  al. (1964): 
The approximate standard errors of the genetic correlation estimates 
were based on modifications of the formula given by Tallis (1959). 
Formulas for the standard errors of the heritability and genetic 
correlation estimates were modified to account for variable numbers 
of offspring per family and the effects of the hierarchical classification 
of dams within sire groups (see Harvey, 1972, p.25). 
where: t = intraclass correlation coefficient 
N = total number of observations 
S = number of groups 
n^ = number of observations in the i th group 
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RESULTS 
Description of Data 
The overall mean for live body weight at 66 weeks for the 1974 data 
for both the Q and R lines was 1.68 ± 0.02 kg. For the first and second 
hatches, live body weight means were 1.73 ± 0.02 kg and 1.63 ± 0.01 kg, 
respectively, for the 1974 data. On the other hand, when averaged over 
the sampling period from 23 to 55 weeks for the 1975 data live body 
weight means were 1.55 ± 0.01 kg and 1.60 ± 0.02 kg for the Q and R lines, 
respectively. 
The overall means for eviscerated body weight at 66 weeks for the 
1974 data were 1.01 ± 0.01 kg for the Q line and 1.02 ± 0.01 kg for the 
R line. Hatch 1 averaged 1.03 ± 0.01 kg while hatch 2 averaged 1.00 ± 
0.01 kg for the 1974 data. This was only slightly but significantly 
higher than the 1975 data where eviscerated body weight averaged 0.94 ± 
0.01 kg and 0.96 ± 0.01 kg for the Q and R lines, respectively. 
Figure 1 shows that live body weight and eviscerated weight increased 
with age tc 55 weeks in both lines even beyond the typical age at sexual 
maturity (about 23 weeks). 
The overall means at 66 weeks for shank length were 7.80 ± 0.02 cm 
and 7.98 ± 0.02 cm for the Q and R lines, respectively. In 1974, shank 
length averaged 7.96 ± 0.02 cm for the first hatch and 7.83 ± 0.02 cm 
for the second hatch. The increase in length between 23 and 55 weeks of 
age for the 1975 data is shown in Figure 2. Shank length averaged 7.71 ± 
0.04 cm for the Q line and 8.04 ± 0.02 cm for the R line. The regression 
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Figure 1. Live weight and eviscerated weight between 23 and 55 weeks (1975 data) 
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Figure 2. Mean shank length between 23 and 55 weeks (1975 data) 
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of shank length on age demonstrated that bone size had reached maturity 
at 23 weeks of age in both lines. 
For the 1974 data, mean abdominal skin pinch was 4.39 ± 0.08 mm 
and 3.35 ± 0.07 mm for the Q and R lines, respectively. Hatch differences 
were relatively large: 4.36 ± 0.08 mm and 3.40 ± 0.07 mm, respectively, 
for the first and second hatch. The increase in abdominal skin pinch 
from 23 to 55 weeks for the 1975 data is shown in Figure 3. Skin pinch 
means were somewhat higher in 1974 than in 1975 indicating that external 
fat deposition may not be complete by 35 weeks of age. 
Fat scores at 66 weeks for the Q and R lines averaged 3.38 ± 0.08 
and 3.06 ± 0.08, respectively, in 1974. Hatches were significantly 
different: 3.45 ± 0.08 and 3.01 ± 0.08 for the first and second hatches, 
respectively. Fat scores were much lower in 1975 than in 1974. The Q 
line averaged 2.13 ± 0.10 and the R line 2.60 ± 0.10 in 1975. Internal 
fat deposition increased with age (P < 0.01) as shown in Figure 3. 
Oviduct weights at 66 weeks averaged 43.33 ± 0.90 g and 48.74 ± 
0.89 g and oviclusters averaged 65.33 ± 2.08 g and 66.94 ± 1,53 g, 
respecitvely, for the Q and R lines in 1974. The increase in reproductive 
organ weights from 23 to 55 weeks for the 1975 data are presented in 
Figure 4. Reproductive organ development significantly increased with 
age (P < 0.05) in the R line but not in the Q line. Oviduct development 
had seemingly been completed by 23 weeks of age although ovicluster 
development increased significantly as age increased. The mean oviduct 
weights were 34.20 ± 0.94 g and 33.63 ± 1.16 g, respectively, for the Q 
and R lines in 1975. Similarly, mean ovicluster weights were 69.9 ± 2.5 g 
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Figure 4. Mean reproductive organ weights between 23 and 55 weeks (1975 data) 
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for the Q and R lines, respectively. 
Rate of egg production for the Q and R lines, respectively, averaged 
67.2 ± 0.80% and 71.7 ± 0.8% in 1974 and 70.5 ± 1.4% and 76.3 ± 1.11% 
in 1975. 
Presented in Figure 5 are the rates of production from 23 to 55 
weeks for the 1975 data. Egg production declined significantly between 
23 and 55 weeks in the Q line. 
Egg mass output (g/day) from 35 to 55 weeks based on the total rate 
of production is also shown in Figure 5. The combined mean over both 
lines was 37.1 g/day when the estimated egg mass output was based on 32-
week egg weight. When based on 55-week egg weight, egg mass output was 
38.4 g/day for the Q line and 45.2 g/day for the R line. 
Mean age at first egg was 231.0 ± 3.3 days for the first hatch and 
181.5 ±1.5 days for the second hatch in the 1974. The Q line averaged 
201.4 ± 3.6 days and the R line averaged 209.6 ± 2.4 days in 1974. 
These are sharply higher than the 1975 means of 167.0 ± 1.5 days for the 
Q line and 179.7 ± 1.3 days for the R line. Figure 6 illustrates the 
distribution of age at first egg of birds sampled between 23 and 55 weeks 
for the 1975 data, but unfortunately, not without bias. That is, birds 
sampled at 23 weeks would tend to be younger when they lay their first 
egg than birds sampled at some later age. On the other hand, the contrast 
between lines is valid. 
Mean egg weight at 32 weeks was 53-0 ± 1.9 g for the Q line and 
56.9 ± 1.8 g for the R line in 1974 and 52.5 ± 0.5 g for the Q line 
52.0 ± 0.5 g for the R line in 1975. Mean egg weight at 55 weeks was 
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rigure 5. Rate of egg production and egg mass output between 2'3 and 55 weeks (1975 data) 
190 
LINE 
180 
S 170 
1 6 0  
150 
23 27 31 35 39 43 47 
_j 
55 
AGE OF BIRD AT SLAUGHTER (WEEKS) 
Kigure 6. Age at first egg of birds sampled between 23 and 55 weeks (1975 data) 
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49.9 ± 1.6 g and 53.7 ± 1.3 g for the Q and R lines, respectively, in 
1974 and 57.6 ± 1-4 g and 58.5 ± 0.9 g, respectively, in 1975. Figure 
7 shows that egg weight, for birds slaughtered between 35 and 55 weeks, 
increased very little. 
The means of the traits studied in 1975 are presented in more detail 
in Appendix Tables 16 through 27. 
Relationships Between Body Weight, 
Fat Deposition and Egg Production 
Table 1 summarizes the results of a separate study made on the rela­
tionships between live weight and fat deposition in 1974. Period 1 egg 
production was zero for the lowest 21.6% of the birds and 97.50 ± 0.45% 
for the upper 10% of the producers. Total egg production for the lowest 
10% of the birds averaged 30.00 ± 1.78% and the upper 10% of the producers 
averaged 87.55 ± 0.61%. Differences in production between the poorest 
and the best producers were significant (P < 0.01) in both periods. 
There was very little difference in live weight, either at 20 or 66 
weeks, between birds from the lowest and highest producing groups with 
respect to Period 1 and Total Period egg production. 
High producers deposited 5.30% less internal fat than low producers 
during Period 1 and 8.86% less internal fat throughout the overall egg 
laying period. Similarly, high producers deposited 28.24% less external 
fat than low producers during Period 1 and 16.29% less external fat 
throughout the entire laying period. These differences were significant 
at the 0.01 and 0.05 levels, respectively, for each of the egg laying 
periods. 
AGE OF BIRD AT SLAUGHTER ( WEEKS) 
giire 7. Menu egg woight at 32 weeks For birds slaughtered between 35 and 55 weeks (1975 data) 
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Table 1. Relationships between live weight and fat deposition in high 
and low producing birds (1974 data). 
Live weight Live weight Internal Abdominal 
Type 66 weeks 20 weeks fat skin 
(kg) (kg) score pinch 
Period 1 egg rate 1.73 ± 0.02 1.32 ± 0.02 3.48 ± 0.12 4.51 ± 0.14 
Lower 21.6% Producers 
(all birds with PI 
records of zero) 
Period 1 egg rate 1.70 ± 0.04 1.30 ± 0.02 3.30 ± 0.19 3.52 ± 0.17 
Upper 10% producers 
Total Period 1.67 ± 0.03 1.27 ± 0.02 3.43 ± 0.18 4.28 ± 0.25 
egg rate 
Lower 10% producers 
Total Period 1.70 ± 0.04 1.28 ± 0.02 3.15 ± 0.17 3.68 ± 0.15 
egg rate 
Upper 10% producers 
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Allometric Studies 
Table 2 contains estimates of the coefficients, k, of static allo-
metry, made at 66 weeks of age on the 1974 population using the equation 
Y = bX , where b is the initial growth index, X is body weight and y is 
the magnitude of a differentially growing part (Cock, 1963 and Tierce, 
1973). To estimate k, the allometric equation was first linearized by a 
log transformation. Of the six traits studied, only the k values for ovi-
cluster and fat score exceeded 1.00 indicating higher growth rates 
relative to growth rate of the body as a whole. 
Table 3 presents mean estimates of the coefficients, k, made at 
eight successive periods between 23 and 55 weeks of age on the 1975 data. 
Average k values for fat score, oviduct weight and ovicluster weight 
exceeded 1.00. Growth rates of these traits between 23 and 55 weeks were 
greater than the growth rate relative to body as a whole. The wide dis­
crepancy between lines in estimates of k for oviduct weight, i.e., 0.59 ± 
0.39 and 2.54 ± 0.43 for the Q and R, respectively, indicates that 
sexual maturity was reached in a shorter period of time in the R line. 
Estimates of k made at each of the eight age periods sampled in 1975 are 
given in Appendix Table 28. 
Variation in Live Body Weight 
Table 4 presents the variation in carcass and indicator traits 
accounting for variation in live body weight for the 1974 data. Results 
for carcass traits were similar in both lines in 1974. Eviscerated weight 
accounted for most of the variation in live weight followed by oviduct 
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Table 2. Estimates of coefficients, k, of static allometry at 66 weeks 
of age using the equation Y = bX^ where X is body weight and Y 
is the trait (1974 data) 
Trait Q line R line Average 
Shank length 0.14 ± 0.02 0.07 ± 0.01 0.10 ± 0.01 
Abdominal skin pinch 0.51 ± 0.14 0.15 ± 0.15 0.32 ± 0.12 
Breast probe 0.35 ± 0.16 0.42 ± 0.15 0.39 ± 0.12 
Fat score 1.23 ± 0.20 1.73 ± 0.21 1.49 ± 0.15 
Oviduct weight 0.69 ± 0.39 0.90+0.24 0.80 ± 0.22 
Ovicluster weight 1.13 ± 0.05 1.60 ± 0.40 1.38 ± 0.32 
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Table 3. Mean estimates of the coefficient, k, of cross sectional 
allometry between 23 and 55 weeks of age using the equation 
Y = bX^ where X is body weight and Y is the trait (1975 data). 
Trait Q line R line Average 
Shank length 0.24 ± 0.04 0.15 ± 0.02 0.20 ± 0.02 
Abdominal skin pinch 0.17 ± 0.20 0.16 ± 0.16 0.17 ± 0.13 
Breast probe 0.16 ± 0.18 0.47 ± 0.12 0.32 ± 0.11 
Fat score 2.44 ± 0.37 2.39 ± 0.26 2.42 ± 0.22 
Oviduct weight 0.59 ± 0.39 2.54 ± 0.43 1.57 ± 0.29 
Ovicluster weight 1.53 ± 0.55 3.24 ± 0.58 2.39 ± 0.40 
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Table 4. Percent variance of live weight associated with variance in 
carcass weight, oviduct weight, ovicluster weight and in 
indicator traits at 66 weeks of age (1974 data). 
Percent variance 
Average 
Eviscerated weight 76.60 64.20 70.40 
Oviduct weight 1.60 2.30 1.95 
Ovicluster weight 0.50 0.20 0.35 
Shank length 19.30 6.80 13.05 
Breast probe 2.00 0.30 1.15 
Abdominal skin pinch 0.80 0.70 0.75 
Fat score 9.20 25.50 17.35 
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and ovicluster weight. Variation in breast probe and abdominal skin 
pinch accounted for similar percentages of variation in live weight in 
both lines in 1974. Variation in shank length and fat score accounted 
for 19.3% and 9-2%, respectively, in the Q line, and 6.8% and 25.5%, 
respectively, in the R line, of the variation in live weight. Sampling 
error probably explains most of the differences between lines but evidence 
also indicates that the rate of internal fat deposition was greater in the 
R than in the Q line. 
Variation in carcass traits accounting for variation in live weight 
at successive periods between 23 and 55 weeks of age for the 1975 data 
are shown in Figure 8. Variance in eviscerated weight in the Q and R 
lines accounted for an average of 74.3% and 76.6%, respectively, of the 
variance in live weight. However, sampling error between successive age 
periods was high. Variation in ovicluster weight in the Q and R lines 
accounted for an average of 5.8% and 1.2%, respectively, of the variation 
in live weight. Oviduct weight accounted for little of the variation in 
live weight amounting to only 0.6% and 0.8%, respectively, in the Q and 
R lines. 
Variation in indicator traits accounting for variation in live 
weight at successive periods between 23 and 55 weeks of age for the 1975 
data is shown in Figure 9. Fat score accounted for 19.6% and 10.1% of 
the variance in live weight in the Q and R lines, respectively. Shank 
length accounted for 15.7% of the variation in live weight in the Q line. 
On the other hand, shank length accounted for 26.2% of the variation in 
live weight in the R line. Breast probe accounted for an average of 3.9% 
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Figure 8. Percentage variance of live weight associated with variance 
in carcass traits between 23 and 55 weeks (1975 data) 
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Figure 9. Percentage variance of live weight associated with variance 
in indicator traits between 23 and 55 weeks (1975 data) 
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and 6.2% of the variance in live weight in the Q and R lines, respec­
tively. Abdominal skin pinch accounted for 5.0% of the variation in live 
weight in the Q line but for only 2.6% of the variation in the R line. 
Analyses of Variance of Body Composition 
and Reproductive Traits 
Tables 5 and 6 contain the mean squares of the analyses of variance 
for body composition measurements for the 1974 and 1975 data, respec­
tively. In 1974, the mean squares due to hatches were highly significant 
for live body weight, carcass weight, eviscerated weight, shank length, 
breast probe and abdominal skin pinch. The mean squares for hatches for 
20-week body weight and fat score were significant at the 0.05 level. 
In 1975, the mean squares for hatch effects were significant at the 0.01 
level for carcass and eviscerated weight and at the 0.05 level for live 
body weight and fat score. Line mean squares in 1974 were significant 
(P < 0.01) for 20-week body weight, shank length, breast probe, abdominal 
skin pinch and oviduct weight, but for fat score at the 0.05 level. 
In contrast, line effects were significant (P < 0.01) only for shank 
length and fat score in 1975. Sires within line effects in 1974 were 
highly significant for live body weight, carcass weight, eviscerated 
weight, 20-week body weight, shank length and oviduct weight. The mean 
squares for sires within lines were significant at the 0.01 level for 
live body weight, eviscerated weight, 20-week body weight and at the 0.05 
level for fat score in 1975- In 1974, dams within sires within lines were 
significant only for eviscerated weight (P < 0.05) and 20-week body weight 
(P < 0.01). On the other hand, the mean squares for dams within sires 
Table 5. Analysis of variance (mean squares) for measurements on body composition (1974 data) 
Hatch Line Sire/L Dam/S/L Error 
df 1 1 76 179 140 
Traits 
Live body weight 1. 54** 0. 00 0. 0.18 0. 14 
Carcass weight 1. 86** 0. 34 0. 37** 0.15 0. 13 
Eviscerated weight 0. 05** 0. 16 0. 18** 0,07* 8. 13 
20 wk body weight 0. 22* 1. 31** 0. 17** 0.08** 0. 06 
Shank length 0. 62** 3. 33** 0. 10** 0.04 0. ,04 
Breast probe 155. 92** 1597. 16** 16. 60 12.44 12, .49 
Abdominal skin pinch 2841. 29** 11143. 83** 92. 84 100.37 74, .05 
Oviduct weight 5. ,46 1939. ,42** 213. ,10** 153.06 136 .84 
Ovicluster weight 98. ,81 2756. ,16 929, .03 783.58 918 .76 
Fat score 6, ,59* 10, ,72* 1, ,58 1.19 0 .97 
*P < 0.05. 
** 
P < 0.01. 
Table 6. Analysis of variance (mean squares) for measurements on body composition (1975 data) 
Hatch Age Line Sire/L Dam/S/L Error 
df 1 7 1 82 155 89 
Traits 
Live body weight 0.38* 0.92** 1.20 0.31** 0.15* 0.09 
Carcass weight 0.77** 0.92 0.30 0.31 0.13 0.10 
Eviscerated weight 0.55** 0.18** 0.18 0.15** 0.06** 0.04 
20 wk body weight 0.11 0.11 0.13 0.20** 0.12 0.13 
Shank length 0.11 0.13** 9.07** 0.21* 0.14** 0.04 
Breast probe 3.31 0.83 29.52 9.51 8.14* 5.58 
Abdominal skin pinch 1.50 9.97 2.68 0.76 0.66 0.58 
Oviduct weight 272.80 780.20 2.56 207.25 173.91 143.53 
Ovlcluster weight 6812 6378 3245 1021 964 716 
Fat score 4.16* 2.21* 17.95** 2.32** 1.14^ 0.96 
df 1 4 1 75 88 38 
32-week body weight 0.19 0.10 4.52** 0.28** 0.13 0.16 
< 0.05. 
P < 0.01. 
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within lines were highly significant (P < 0.01) for eviscerated weight 
and shank length but significant only at the 0.05 level for live body 
weight and breast probe in the 1975 data. 
The analyses of variance for the reproductive traits are shown in 
Table 7 for the 1974 data. Hatch means were significantly different 
for Period 2 and Period 3 percentage egg rates, age at first egg, 
32-week egg weight (P < 0.01) and 55-week egg weight (P < 0.05). The 
mean squares for lines were highly significant for Period 1 and Period 
2 percentage egg rates. Differences between sire within lines were sig­
nificant at the 0.05 level with regard to age at first egg and 32-week 
egg weight and at the 0.01 level for Period 1, Period 2 and Period 3 
percentage egg rates. Dams within sires within lines mean squares were 
significant at the 0.05 level for Period 2 and Period 3 percentage egg 
rates and for age at first egg and at the 0.01 level for 55 week egg 
weight. 
Table 8 presents the analyses of variance for the reproductive traits 
on the 1975 data. In marked contrast to the 1974 data (Table 5), dif­
ferences between hatch means were significant only for 32-week egg weight 
(P < 0.05). Significant differences (P < 0.01) attributable to ages were 
obtained for Period 1 and Total Period percent egg rate and for age at 
first egg. There were no significant differences between lines for any 
of the reproductive traits examined in 1975. A significant (P < 0.01) 
sires within lines mean square was found only for 32-week egg weight. 
Differences between dams within sires within lines were not significant 
for any of the reproductive traits studied in 1975. 
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Table 7. Analysis of variance (mean squares) for reproductive traits 
(1974 data) 
Hatch Line Sire/L Dam/S/L Error 
df 1 1 76 179 140 
Traits 
First production period 23 1830** 223** 93 110 
Second production period 9447** 901** 75** 48* 35 
Third production period 26748** 406 166** 104* 75 
Age at first egg 70716** 5895 1797* 1273* 955 
32 wk egg weight 25977** 595 510* 352 359 
55 wk egg weight 1395* 1338 439 505** 268 
*P < 0.05. 
Table 8. Analysis of variance (mean squares) for reproductive traits (1975 data) 
Hatch Age Line Sire/L Dara/S/L 
df 1 7 1 82 155 Error 
Traits 
First production period 142 6230** 717 618 537 599 
Total production period 166 5256** 6 589 499 547 
Age at first egg 837 29437** 921 2010 1864 2725 
df 1 4 1 75 88 38 
32 wk egg weight 0.28* 0.08 0.10 0.17** 0.07 135.63 
df 1 1 27 6 
55 wk egg weight 4.02 9.04 25.32 10.36 
*P < 0.05. 
** P < 0.01. 
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Phenotypic Correlations 
Table 9 presents the phenotypic correlations between the body compo­
sition traits. In both years, highly significant correlations between 
the body weight traits (live weight, carcass weight, eviscerated weight, 
20-week body weight and 32-week body weight) were observed. This was 
expected as they are correlations of parts with a whole. Correlations 
between the body weight traits and shank length, reproductive organ 
development and fat score were highly significant. The correlation 
between abdominal skin pinch and fat score was significant at the 0.01 
level in 1974 and at the 0.05 level in 1975. The significant negative 
correlations generally exhibited between fat score and abdominal skin 
pinch with oviduct and ovicluster weight indicate an inverse relationship 
between reproductive organ development and fat deposition. Correlations 
between oviduct and ovicluster weight were significant (P < 0.01) in both 
years. 
Presented in Table 10 are the phenotypic correlations between the 
reproductive traits. In 1975, the signs of the correlations between age 
at first egg and 32-week egg weight, 55-week egg weight and Period 1 
egg rate were opposite to those obtained in 1974. Highly significant 
correlations were obtained between 32-week egg weight and Period 1 egg 
rate in both years. In 1974, Period 1 and Period 2 egg rates were sig­
nificantly correlated (P < 0.01) as were Period 2 and Period 3 egg rates 
(P < 0.05). In 1975, Period 1 egg rate was significantly correlated 
(P < 0.01) with Total Period egg rate. 
Table 11 presents the phenotypic correlations between the body 
Table 9. Phenotypic correlations between body composition traits (1974 data in the upper diagonal 
and 1975 data in the lower diagonal of each cell) 
LW CW EW 20B 32B SL BP SPA OD OM FS 
Iilve weight 
(LW) 
.92** 
.95** 
.86** 
.90** 
.46** 
.47** .80** 
.40** 
. 50** 
.11* 
.23** 
.07 
.06 
.27** 
.26** 
.28** 
.29** 
.46** 
.54** 
Carcass weight 
(CW) 
.89** 
.89** 
.47** 
.50** .82** 
.42** 
.50** 
.10* 
.27** 
.07 
.03 
.27** 
.30** 
.30** 
.35** 
.48** 
.52** 
Eviscerated weight 
(EW) 
.51** 
.49** .81** 
.41** 
.50** 
.14** 
.26** 
.10* 
.12* 
.08 
.14* 
.17** 
.10 
.53** 
.66** 
20-week body weight 
(208) .67** 
.27** 
.29** 
.04 
.13* 
.04 
-.04 
.03 
.09 
.12* 
.13* 
.48** 
.28** 
32-week body weight 
(32B) .48** .16* .12 -.01 .02 .37** 
Shank length 
(SL) 
-.11* 
.06 
.04 
-.06 
.17** 
.04 
.16** 
.07 
.13** 
.27** 
Breast probe 
(BP) 
-.03 
.11* 
-.07 
.06 
-.02 
.11* 
.02 
.20** 
*P < 0.05. 
** 
P < 0.01. 
Table 9. (Continued) 
LW CW EW 20B 32B SL BP SPA OD OM FS 
Abdominal skin pinch 
(SPA) 
-.25** 
-.25** 
-.05 
-.20** 
.13** 
.15* 
Oviduct weight .41** -.14** 
(OD) .43** .03 
Ovicluster weight 
(ON) 
-.05 
-.23** 
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Table 10. Phenotypic correlations between reproductive traits (1974 data 
in the upper diagonal and 1975 data in the lower diagonal of 
each cell) 
Total 
period 
Period 3 egg 
egg rate rate 
FE 32E 55E PI P2 (P3) (PT) 
Age at first egg 
(FE) 
-.63** 
.34** 
.11* 
-.26 
—.81** 
.95** 
-.12* .20** 
.70** 
32-wk egg weight 
(32E) 
-.01 
.20 
.72** 
.53** 
.08 -.11* 
.36** 
55-wk egg weight 
(55E) 
-.01 
.02 
.30** .53** 
.04 
Period 1 egg rate 
(PI) 
.16** -.04 
.95** 
Period 2 egg rate 
(P2) 
.59** 
*P < 0.05. 
Table 11. Phenotypic correlations between body composition and reproductive traits 
FE 32E 55E PI P2 P3 PT 
1974 1975 1974 1975 1974 19 75 1974 1975 1974 1974 1975 
LW -.07 .17** .05 .13 .12* .24 -.11* .12* .03 -.03 .15* 
CW .07 .20** .04 .14* .10* .21 -.10 .15** .01 -.04 .17** 
EW .04 .10 -.01 .14* .10* .19 -.10* .07 -.04 -.07 .07 
201) • -.17** .21** .10 .14* .07 .58** .21** .28** .14** -.04 .27** 
3?.B .23** . 29** .46* .05 .05 
SL .09 .11* .00 .01 .11* .07 -.04 .06 .10* .04 .07 
BP .08 .04 -.06 .03 — .01 .10 -.04 .05 .01 .06 .07 
SPA -.04 -.15* .04 -.07 -.02 -.09 -.10* -.15* -.07 -.07** .19** 
01) .11* .28** .07 -.10 .17** .75** -.03 .21** .07 .26** . 31** 
OM .41** .20** .02 .04 .22** .31 -.08 .24** .21** .29** • .31** 
FS -.02 -.02 .04 .08 .01 .22 -.04 -.09 -.05 -.17** - .14* 
Legend : Body Composition Traits Reproductive Traits 
LW - Live weight SL - Shank length FE - Age at first egg 
CW - Carcass weight BP - Breast probe 32E - 32-wk egg weight 
EW - Eviscerated weight SPA - Abdominal skin pinch 55E - 55-wk egg weight 
20B - 20-wk body weight OD - Oviduct weight PI - First production period egg rate 
32B - 32-wk body weight OM - Ovicluster weight P2 - Second production period egg rate 
FS - Fat score P3 - Third production period egg rate 
PT - Total production egg rate 
*P < 0.05. 
P < 0.01. 
53 
composition and the reproductive traits. The significant correlations 
(P < 0.01) of -0.17 in 1974 and 0.21 in 1975 between 20-week body weight 
and age at first egg were not expected. Breast probe and shank length 
had little relationship with the reproductive traits. In 14 of the 22 
year-trait groups, significant correlations were obtained between the 
reproductive traits and the reproductive organ development traits. 
Significant negative correlations were obtained between abdominal skin 
pinch with Period 1 egg rate (P < 0.05) and with Period 3 egg rate 
(P < O.Ol) in 1974 and between abdominal skin pinch and age at first egg. 
Period 1 egg rate (P < 0.05), and Total Period egg rate (P < 0.01) in 
1975. 
A complete table containing phenotypic correlations between body 
composition and reproductive traits for both years is given in the 
Appendix (Table 29). 
Heritabilities and Genetic Correlations 
Table 12 presents the heritabilities and genetic correlations for the 
body composition traits in 1974. The average standard error of the 
estimates was 0.25 ± 0.02. The heritabilities and genetic correlations 
for the body weight traits were all significantly different from zero. 
The genetic correlations between fat score and the body weight traits 
were significant (P < 0.01) with the exception of a correlation of 0.47 
between fat score and body weight. Shank length was significantly 
(P < 0.05) genetically correlated with carcass and eviscerated weight and 
had a heritability of 0.75 which was statistically significant (P < 0.05). 
Table 12. Heritabilities and genetic correlations for the body composition traits; heritability 
estimates on the diagonal cells and genetic correlations off the diagonal 
(1974 data); standard errors averaged 0.25 ± 0.02 
LW CW EW 20B SL BP SPA OD OM FS 
Live weight 
(LW) 
.92** .96** .99** .60* .34 .31 a .27 a .89** 
Carcass weight 
(CW) 
.88** .99** .68** .39* .21 a .33 a .98** 
Eviscerated weight 
(EW) 
. 88** .57** .39* .40 a .40 a 1.00** 
20-week body weight 
(20B) 
.62* .23 .28 a .42 a .47 
Shank length 
(SL) 
.75* -. 16 a .49 a -.25 
Breast probe 
(BP) 
.25 a -.06 a .28 
^Parameter not estimable because of a negative variance component. 
*P < 0.05. 
P < 0.01. 
Table 12. (Continued) 
LW CW EW 20B SL BP SPA OD CM FS 
Abdominal skln plnch 
(SPA) 
a a a a 
Oviduct weight 
(OD) 
.28 .39 
Ovicluster weight a 
(OM) 
Fat score 
(FS) 
.22 
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Heritabilities and genetic correlations associated with breast probe 
and oviduct weight were not significant. Heritabilities and genetic 
correlations associated with abdominal skin pinch and ovicluster weight 
were nonestimable due to negative variance components. 
Table 13 contains the heritabilities and genetic correlations for 
the reproductive traits in 1974. The average standard error of these 
estimates was 0.32 ± 0.04. A significant (P < 0.05) genetic correlation 
of -1.15 between age at first egg and Period 1 egg rate was observed. 
The genetic correlation between 32-week egg weight and Period 1 egg 
rate was significant at the 0.01 level and the genetic correlations 
between Period 1 and Periods 2 and 3 egg rates were significant at the 
0.05 level. The heritability estimate of Period 1 egg rate was signif­
icant (P < 0.05). A highly significant genetic correlation was observed 
between Period 2 and Period 3 egg rates. The heritabilities and genetic 
correlations associated with 55-week egg weight were not estimable 
because of a negative variance component. 
Presented in Table 14 are the genetic correlations between the body 
composition and the reproductive traits in 1974. The standard errors of 
the estimates averaged 0.31 ± 0.01. The genetic correlation of 0.29 
between age at first egg and shank length was significant at the 0.05 
level. Seventeen of the 20 estimable genetic correlations between the 
body weight and reproductive traits were positive but were not statis­
tically significant. When estimable, breast probe was positively corre­
lated genetically with the reproductive traits excepting the correlation 
of -0.37 with 32-week egg weight. Because of high sampling errors, the 
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Table 13. Heritabilities and genetic correlations for the reproductive 
traits; heritability estimates on the diagonal cells and 
genetic correlation estimates on the off diagonal (1974 data); 
standard errors averaged 0.32 ± 0.04 
FE 32E 55E PI P2 P3 
Age at first egg 
(FE) 
-1.05 a -1.15* .15 -.34 
32-wk eg; 
(32E) 
g weight .31 a .93** .17 -.04 
55-wk eg; 
(55E) 
g weight a a a a 
Period 1 
(PI) 
egg rate .75* .58* .63* 
Period 2 
(P2) 
egg rate .38 .97** 
Period 3 
(P3) 
egg rate .41 
*P < 0.05. 
** 
P < 0.01. 
Parameter not estimable because of a negative variance component. 
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Table 14. Genetic correlations between body composition and reproductive 
traits (1974 data); standard errors averaged 0.31 ± 0.01 
FE 32E 55E PI P2 P3 
LW 
CW 
EW 
20B 
. 39  
.33 
.50 
.04 
.06 
.15 
.10 
.08 
a 
a 
.30 
.21 
.27 
.23 
.22  
.15 
.31 
.25 
.17 
-.01 
.12 
.33 
SL 
BP 
SPA 
CD 
OM 
FS 
.29* 
.25 
a 
.32 
a 
.98 
.57 
-.37 
a 
.44 
a 
.12 
Legend: 
Body Composition Traits 
LW - Live weight 
CW - Carcass weight 
EW - Eviscerated weight 
20B - 20-wk body weight 
32B - 32-wk body weight 
SL - Shank length 
BP - Breast probe 
SPA - Abdominal skin pinch 
OD - Oviduct weight 
OM - Ovicluster weight 
FS - Fat score 
.12 
.21 
a 
.07 
a 
.58 
.45 
.49 
a 
.31 
a 
.18 
FE 
32E 
55E 
PI 
P2 
P3 
.31 
.41 
a 
.31 
. a 
- .28  
Reproductive Traits 
Age at first egg 
32-wk egg weight 
55-wk egg weight 
First production period egg rate 
Second production period egg rate 
Third production period egg rate 
^Genetic correlation non-estimable due to a negative variance 
component. 
P < 0.05. 
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genetic correlation of 0.98 between fat score and age at first egg was 
not significantly different from zero. Surprisingly, 5 of the 7 
estimable genetic correlations between oviduct weight and the reproduc­
tive traits were negative, although not statistically significant. 
A complete table containing the heritabilities and genetic 
correlations for the body composition and reproductive traits may be 
found in the Appendix (Table 30). 
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DISCUSSION 
Allometric Studies and Variation in Live Weight 
Static, cross sectional and longitudinal data sets form a hierarchy. 
Longitudinal data can yield all the types of information obtainable from 
cross-sectional or static data, and in addition, information on individual 
variation in growth characteristics. Similarly, cross sectional data 
can yield information on the average growth characteristics of the 
population in addition to that obtainable from static data. Static data 
yields information on size and shape at a given age but not on the dynamic 
processes by which this is reached. 
Thus, the utility of cross-sectional and static data is limited, but 
they can provide information on slaughtered animals. On the other hand, 
longitudinal studies require information on live animals. For the cross-
sectional study, because the number of birds used at each age was 
relatively small, the standard errors of the k values were high- However, 
due to economic, spatial and manpower limitations, producing another hatch 
to increase the number of birds for the study did not seem feasible. 
The estimates of genetic parameters are also of limited value because 
of small sample size in terms of number of sires, dams and offspring within 
sire and dam families, and accordingly they have high standard errors. 
Parameter estimates for the 1975 data were entirely deleted from the 
results because of the small sample size and the high standard errors. 
It was not the purpose of this study to estimate parameters, already 
quite well documented, on the more common performance traits such as body 
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weight, egg weight and egg production, except as these might be a bipro-
duct in the course of the study. Extensive reviews in the literature are 
given by Kinney (1969) and Silva (1974). However, part of the plan of 
this study was to obtain parameter estimates on the indicator traits, 
particularly with respect to fat deposition, and reproductive organ size 
increase because little has been reported in the literature on these. 
The genetic correlations of internal fat score with live, carcass 
and eviscerated weight were the only ones reaching statistical significance. 
Unfortunately, because of negative variance components, heritabilities 
and genetic correlations associated with abdominal skin pinch and 
ovicluster weight were not estimable. Thus, again because of small sample 
size, estimation of genetic parameters for fat deposition and reproductive 
organ traits was not satisfactory. 
The k values indicate that fat deposition and ovum development 
occurred at greater rates than did overall growth in mature laying hens. 
Tierce (1973) concluded that a large part of the variation in weight gain, 
observed two to three weeks before the onset of egg production, is owing 
to both fat deposition and enlargement of the reproductive organs. 
Combining the results of this study with some speculation, the 
changes in relative growth rates of the components of body weight can 
be deduced. Both internal and external fat deposition occur at slower 
rates than overall growth between 8 and 17 weeks of age but at faster rates 
between 17 and 21 weeks of age. At the onset of production, external fat 
is metabolically activated and provides energy for egg production. From 
this point onward, almost all further fat deposition occurs internally. 
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This explains why k values are generally greater than 1.00 for internal 
fat score but less than 1.00 for abdominal skin pinch after 23 weeks of 
age. Doomebal £t al. (1970) demonstrated that decreased fat deposition 
accounted for most of the body weight differences between selected and 
control strains in mature birds. 
Tierce (1973) incorrectly postulated that the size of the reproductive 
organs should account for an increasingly larger part of the total 
variation in body weight, beginning at prepuberty until a maximum is 
reached, possibly at peak production. As illustrated (see Figure 8) 
neither oviduct nor ovicluster weight accounted for an increasing amount 
of variation in live body weight over time. The relative importance 
of breast muscling and external fat in accounting for variation in body 
weight also decreased over time. 
Bone growth in Leghorns generally ceases by 20 weeks of age, or ear­
lier so that the contribution of bone mass to total body weight should be 
relatively constant after 23 weeks of age. Tierce (1973) found that the 
relative inçortance of internal fat deposition, in accounting for variation 
in live weight, increased until the onset of sexual maturity. In this 
study, the contribution of internal fat deposition to variation in body 
weight was smallest at 43 weeks of age. Because of the late age at 
sexual maturity of these birds, peak production probably occurred around 
43 weeks of age. Thus, as production increases, the relative contribution 
of internal fat deposition in determining variation in body weight 
decreases. However, once production reaches a maximum, and begins its 
decline, internal fat deposition should be relatively more important in 
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its contribution to variation in body weight. 
Phenotypic Correlations 
The Least-squares and Maximum Likelihood Mixed Model General Purpose 
Program (Harvey, 1972) was used to compute genetic and phenotypic cor­
relations. The program uses variance-covariance components to estimate 
phenotypic as well as genetic, correlations. Therefore, it was simply a 
matter of convenience that variance-covariance component phenotypic 
correlations were used instead of the more conventional product-moment 
correlations. 
A special exercise was undertaken to demonstrate the equality 
between phenotypic correlations estimated by variance-covariance com­
ponents and by the product-moment technique. Correlations between live 
weight, abdominal skin pinch and 32-week egg weight were calculated 
within sublines using the 1974 data taken at 66 weeks of age. Data from 
the two hatches were pooled, and the variance-covariance component for 
sires, dams and progeny were used to compute the correlations. Differ­
ences between the variance-covariance component method and the product 
moment method were small and considered to be negligible (Table 15). 
Differences were probably due to rounding errors. Thus, the variance-
covariance component method and the product-moment correlation method 
are equivalent procedures. 
Relationship Between Body Composition 
and Egg Production 
Nordskog and Briggs (1968) indicated that body weight is a function 
of size as represented by bone framework, and condition, as represented 
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Table 15. Within-subline phenotypic correlations calculated from 
variance-covariance components and by the product-moment 
method 
Subline Traits 
Variance-
covariance 
correlation 
Product 
moment 
correlation Difference 
LW X SPA 
LW X 32 EW 
SPA X 32 EW 
0.2298 
-0.3314 
-0.1672 
0.2136 
-0.3244 
-0.1491 
0.0062 
0.0070 
0.0181 
LW X SPA 
LW X 32 EW 
SPA X 32 EW 
0.3346 
-0.0753 
-0.2692 
0.3389 
-0.0685 
-0.2583 
0.0043 
0.0068 
0.0109 
LW X SPA 
LW X 32 EW 
SPA X 32 EW 
0.1743 
-0.2062 
-0.3091 
0.1723 
-0.2041 
-0.3015 
0.0020 
0.0021 
0.0076 
LW X SPA 
LW X 32 EW 
SPA X 32 EW 
0.1751 
0.0431 
-0.1801 
0.1637 
0.0460 
-0.2166 
0.0114 
0.0029 
0.0365 
LW X SPA 
LW X 32 EW 
SPA X 32 EW 
0.4131 
-0.0814 
-0.3157 
0.4044 
-0.0696 
-0.2947 
0,0087 
0.0118 
0.0210 
LW X SPA 
LW X 32 EW 
SPA X 32 EW 
-0.1627 
0.0244 
-0.5660 
-0.2198 
0.0246 
-0.5569 
0.0571 
0.0002 
0.0091 
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Table 15. (Continued) 
Variance- Product 
covariance moment 
Subline Traits correlation correlation Difference 
0.0128 
0.0134 
0.0106 
Legend: LW - live weight at 66 weeks 
SPA - abdominal skin pinch 
32 EW - 32-week egg weight 
R_ LW X SPA 0.0596 0.0468 
LW X 32 EW -0.1209 -0.1075 
SPA X 32 EW -0.4741 -0.4635 
65 
by fleshing. Reports in the literature suggest that variation in size is 
primarily genetic whereas variation in condition is primarily environ­
mental, being largely influenced by factors of disease, management and 
nutrition. Dickerson and Hughes (1964) concluded that maximum egg 
production is dependent on normal physical development as indicated by 
condition or fleshing rather than body weight alone. 
As shown in Table 1, the high egg producing group showed less inter­
nal fat and significantly less external fat than did the low producing 
group although differences in body weight between the groups were small. 
Dickerson and Hughes (1964) observed poor performance in flocks of normal 
weight that had little breast fleshing but excess abdominal fat. In this 
study, there was little relationship between breast fleshing and egg 
production but a significant correlation between fat deposition and egg 
production. 
One problem facing the breeder in selecting for small body size, 
assuming it leads to greater efficiency of production, is to avoid 
underfleshed birds or birds carrying excess fat. Estimating fat deposition 
by measuring thickness of an abdominal skin pinch would seem to be a suit­
able estimator of condition and therefore might serve as a useful selection 
criterion. For each genetic size group, there should be an intermediate 
optimum with respect to condition, as represented by body weight, body 
muscling and fat deposition. When any of these indicators of condition 
deviate from its optimum for a specific genetic size group, egg production 
should decline. 
It is generally conceded that bone growth has first priority in the 
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utilization of nutrients in the developing animal- Muscle development 
commences after the hone matrix is deposited and fat deposition occurs 
after muscle tissue has been laid down. Accordingly, a change from some 
ideal environment is expected to reduce fat deposition first, then muscle 
development and finally the skeletal system. Thus, fat deposition, as 
measured by the abdominal skin pinch, should be the first indicator of 
condition to respond to deviations from adequate environmental conditions. 
The significant negative correlations between internal and external 
fat with oviduct and ovicluster weight provides further evidence of the 
inverse relationship between fat deposition and reproductive performance. 
On the other hand, the significant correlations observed between the body 
weight and reproductive organ traits in this study and by Tierce (1973), 
and the significant correlation between breast muscling and ovicluster 
weight, indicate that normal reproductive organ development depends on 
the satisfactory maintenance of body condition. Significant correlations 
between reproductive organ development and age at first egg were observed 
by Kamar e^ al. (1973) as well as in this study. 
Mean ovicluster weight increased from 30.9 g. at 23 weeks of age to 
76.8 g at 55 weeks of age in 1975 but average ovicluster weight at 66 
weeks of age in 1974 was only 66.1 g. This can only be regarded as an 
uncontrollable sampling difference between years but may be tied to the 
general decline in egg production observed between 55 and 66 weeks of age. 
A second limitation of data obtained in this study was that abdominal 
skin pinch was measured just before slaughter, i.e., at 66 weeks of age in 
1974 and at the eight successive ages between 23 and 55 weeks in 1975. 
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Thus, the observations taken on the abdominal skin pinch in this study 
served only to monitor the level of fat tissue through the productive 
life of the bird. Therefore, it would not be a valid predictor of future 
egg production. If a future study were to be made, external fat should 
be measured at some time during the prelaying period, say between 18 and 
20 weeks of age. Because relatively large numbers of birds are usually 
available at this time, it would be easy to test the accuracy of its 
predictive value of egg production. 
The theoretical relationships between fat deposition, body weight and 
egg production are illustrated in Figures 10 and 11. In 1974, the 
regressions of abdominal skin pinch and internal fat score on egg produc­
tion were negative and significant (P < 0.01), but at 20 weeks the 
regression of live weight on egg production was positive and statistically 
significant. In 1975, the regressions of abdominal skin pinch and inter­
nal fat score on egg production were negative but not statistically 
significant. 
The data were collected differently in each of the two years. In 
1974, rate of egg production was measured over the entire laying period 
between 20 and 66 weeks but in 1975, rate of egg production was measured 
only between 20 and 32 weeks. Differences in each year between the 
regressions of live weight at 20 weeks on egg production were caused by 
the normal and uncontrollable environmental differences that would arise 
between years. 
Measurements of fat deposition were taken only at 66 weeks of age 
in 1974 but at the eight successive age periods between 23 and 55 weeks 
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Figure 10. Regression of live weight, abdominal skin pinch, 20-week body 
weight and fat score on egg production (1974 data) 
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Figure 11. Regression of live weight, abdominal skin pinch, 20-week body 
weight and fat score on egg production (1975 data) 
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in 1975. Thus, the 1975 data reflect the dynamic processes involved with 
increasing fat deposition over time while the 1974 data reflect the 
static endpoint of fat deposition that results from these dynamic proc­
esses. The inherent differences between static and dynamic growth 
processes would create differences between the two years with respect to 
the regression of fat deposition on egg production. 
In agreement with Dickerson and Hughes (1964), Nordskog and Briggs 
(1968) and Fowler and Quisenberry (1970), the graphs demonstrate that 
heavier i.e., better conditioned, birds tend to be better producers. 
On the other hand, Doornebal e^ a2. (1970) observed that strains selected 
for high egg production were significantly lighter in body weight than 
control strains. 
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SUMMARY 
The main objective of this study was to determine the relationships 
between body composition and reproduction, with special reference to total 
body weight, fat composition and egg production. The hypothesis is that 
pullets at sexual maturity require some optimum degree of body fat to 
maximize productivity during the laying period. Body composition and 
reproductive performance in laying hens were monitored between 23 and 66 
weeks of age and the correlations between these traits were estimated to 
test this hypothesis. The extent to which changes in the carcass traits 
(eviscerated, oviduct and ovicluster weight) and the indicator traits 
(shank length, breast probe, abdominal skin pinch and fat score) accounted 
for variation in live body weight in mature hens was also determined. 
The data were collected on females of two White Leghorn lines, Q and 
R, used in a long-term selection experiment on efficiency of egg produc­
tion. In 1974, observations were taken on 198 birds of the Q sublines and 
200 birds of the R sublines; in 1975, observations were taken on 144 Q's 
and 192 R's. In both years, test birds of each line were hatched two weeks 
apart in late March and in early May. The first hatch was reared at the 
Iowa State University facilities in Ames, Iowa. In each year, approxi­
mately half of the birds were represented in each of the two hatches-
In 1974, measurements on body composition and reproductive perform­
ance were taken at the single ase of 66 weeks but in 1975 at the succes­
sive ages of 23, 27, 31, 35, 39, 43, 47 and 55 weeks. All birds were 
weighed before housing and again before slaughter. Weights taken on the 
sacrificed birds after bleeding and removing the feathers represented 
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carcass weights and after removal of the internal organs and head, evis­
cerated weights. Oviducts and oviclusters were removed from each bird and 
weighed. Changes in the body tissues of bone, muscle and fat were 
estimated from the indicator traits of shank length, breast probe and 
abdominal skin pinch, respectively. These were measured immediately 
before slaughter. The amount of internal fat was measured by a subjective 
score. 
Live body weight increased from 1.38 ± 0.03 kg and at 23 weeks of age 
to 1.68 ± 0.02 kg at 66 weeks of age. Bone size, as indicated by shank 
length, reached maturity by 23 weeks of age. External fat deposition, 
as indicated by abdominal skin pinch, increased from 3.18 ± 0.13 mm at 23 
weeks of age, to 3.87 ± 0.06 mm at 66 weeks of age. Internal fat deposi­
tion, as indicated by fat score increased from 1.86 ± 0.13 at 23 weeks 
of age to 3.22 ± 0.08 at 66 weeks of age. 
Mean oviduct weight increased from 20.4 ± 2.6 g at 23 weeks of age 
to 45.83 ± 0.80 g at 66 weeks of age. On the other hand, mean ovicluster 
weight increased from 30.9 ± 5.1 g at 23 weeks of age to 76.8 ± 5.0 g 
at 55 weeks of age in 1975; but average ovicluster weight at 66 weeks of 
age in 1974 was only 66.1 g. This was regarded as an uncontrollable 
sampling difference between years but may have been tied to the decline 
of about 10% in egg production between 55 and 66 weeks. Hens with high 
rates of production exhibited 28.2% less external fat and 8.9% less 
internal fat than hens with low rates of production. 
The data were subjected to an allometric analysis in order to look 
at the question of the relative growth rate of tissues after 23 weeks of 
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age. From the relation, Y = bX , the coefficient of static allometry was 
calculated where X is body weight and Y is an indicator trait of bone, 
muscle or fat, as represented by shank length, breast probe, abdominal 
skin pinch (external fat) and fat score (internal)• In addition, k values 
were calculated for the y variables ovicluster and oviduct weight. 
Results from a static analysis made in 1974 and from a cross-
sectional analysis made in 1975 demonstrated that ovicluster weight and 
internal fat had higher relative growth rates than the body as a whole. 
A static analysis is one where one set of measurements are made on 
individuals all of the same age and a cross-sectional analysis is one 
where an entirely different sample of the population is measured at each 
age. 
Eviscerated weight accounted for 70.4% of the variation in live 
weight at 66 weeks of age in 1974 and 75.5% between 23 and 55 weeks in 
1975. Oviduct weight accounted for 2.0% of the variation in live weight 
in 1974 but for only 0.7% in 1975. On the other hand, ovicluster weight 
accounted for 0.4% of the variation in live weight in 1974 but for 4.0% 
in 1975. 
In 1974, shank length accounted for 13.1% of the variation in live 
weight and in 1975 accounted for 20.9% of the variation in live weight. 
Internal fat accounted for 17.4% of the variation in live weight in 1974 
and 14.9% in 1975. External fat accounted for 0.8% of the variation in 
live weight in 1974 and 3.8% of the variation in live weight in 1975. 
Breast probe accounted for 1.2% of the variation in live weight in 1974 
and 5.1% of the variation in live weight in 1975. 
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Significant correlations of 0.46 and 0.54, respectively, were 
observed in 1974 and 1975, between internal fat and live weight. Corre­
lations of 0.13 in 1974 and 0.15 in 1975 between internal and external 
fat deposition were significant. Significant correlations of 0.11 and 
0.23, respectively, were observed in 1974 and 1975 between live weight 
and breast muscling. Significant correlations of 0.27 and 0.26, respec­
tively, in 1974 and 1975 were observed between oviduct and live weight 
and correlations of 0.28 and 0.29, respectively, in 1974 and 1975, 
between ovicluster and live weight were also significant. 
Significant correlations of -0,25 in both years were observed 
between external fat and oviduct weight. In 1975, a significant corre­
lation of -0.20 was observed between external fat and ovicluster weight. 
In 1974, a correlation of -0.14 between internal fat and oviduct weight 
and in 1975, a correlation of -0.23 between internal fat and ovicluster 
weight, were significant. These results indicate an inverse relationship 
between excess fat deposition and reproductive performance. 
With the exception of a significant correlation of 0.29 between 
shank length and age at first egg, the estimates of genetic correlations 
between body composition and reproductive performance traits were all non­
significant, statistically. 
Finally, the body weight, fat deposition and reproductive organ size 
observed in mature laying hens continued to increase with age between 23 
and 66 weeks although fat deposition and reproductive organ size increased 
at relatively higher rates than did body weight. Significant correlations 
between the estimators of body condition, as represented by body weight. 
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body muscling and fat deposition, and egg production were observed. 
Estimating fat deposition by measuring the thickness of an abdominal skin 
pinch would seem to be a useful estimator of condition and therefore might 
serve as a useful supplementary selection criterion in an egg layer 
breeding program. 
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Table 16. Mean live body weight (kg) from 23 to 55 weeks by lines and 
hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 1.45 ± 0.01 1.33 ± 0.03 1.34 ± 0.04 1.43 ± 0.03 1.38 ± 0.03 
27 1.56 ± 0.05 1.50 ± 0.03 1.47 ± 0.03 1.59 ± 0.04 1.53 ± 0.03 
31 1.44 ± 0.03 1.58 ± 0.05 1.54 ± 0.04 1.50 ± 0.05 1.52 ± 0.03 
35 1.57 ± 0.04 1.66 ± 0.05 1.61 ± 0.05 1.63 ± 0.05 1.62 ± 0.03 
39 1.59 ± 0.04 1.66 ± 0.04 1.60 ± 0.04 1.66 ± 0.04 1.63 ± 0.03 
43 1.58 ± 0.04 1.72 ± 0.04 1.64 ± 0.04 1.68 ± 0.04 1.66 ± 0.03 
47 1.54 ± 0.04 1.56 ± 0.04 1.54 ± 0.04 1.57 ± 0.03 1.55 ± 0.03 
55 1.65 ± 0.05 1.80 ± 0.05 1.75 ± 0.06 1.72 ± 0.04 1.74 ± 0.02 
Table 17. Mean eviscerated weight (kg) from 23 to 55 weeks by lines and 
hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 0.91 ± 0.02 0.87 ± 0.02 0.86 ± 0.02 0.91 ± 0.02 0.89 ± 0.02 
27 0.93 ± 0.03 0.90 ± 0.03 0.84 ± 0.02 0.99 ± 0.03 0.91 ± 0.02 
31 0.87 ± 0.02 0.92 ± 0.03 0.89 ± 0.03 0.91 ± 0.03 0.90 ± 0.02 
35 0.94 ± 0.03 0.98 ± 0.03 0.94 ± 0.03 0.99 ± 0.03 0.97 ± 0.02 
39 0.95 ± 0.03 0.96 ± 0.03 0.92 ± 0.03 1.00 ± 0.03 0.96 ± 0.02 
43 0.98 ± 0.03 1.02 ± 0.03 0.97 ± 0.03 1.04 ± 0.03 1.00 ± 0.02 
47 0.93 ± 0.03 0.97 ± 0.03 0.93 ± 0.03 0.97 ± 0.03 0.95 ± 0.02 
55 1.00 ± 0.03 1.08 ± 0.03 1.04 ± 0.03 1.05 ± 0.03 1.04 ± 0.02 
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Table 18. Mean carcass weight (kg) from 23 to 55 weeks by lines and 
hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 1.30 ± 0.02 1.13 ± 0.03 1.15 ± 0.04 1.26 ± 0.03 1.20 ± 0.03 
27 1.38 ± 0.04 1.29 ± 0.04 1.25 ± 0.04 1.40 ± 0.03 1.32 ± 0.03 
31 1.28 ± 0.03 1.37 ± 0.05 1.31 ± 0.04 1.34 ± 0.05 1.33 ± 0.03 
35 1.39 ± 0.04 1.46 ± 0.05 1.39 ± 0.04 1.47 ± 0.05 1.43 ± 0.03 
39 1.42 ± 0.04 1.49 ± 0.04 1.42 ± 0.04 1.50 ± 0.04 1.46 ± 0.03 
43 1.45 ± 0.04 1.53 ± 0.04 1.46 ± 0.04 1.53 ± 0.04 1.50 ± 0.03 
47 1.37 ± 0.04 1.41 ± 0.04 1.36 ± 0.04 1.42 ± 0.03 1.39 ± 0.03 
55 1.49 ± 0.05 1.61 ± 0.04 1.56 ± 0.05 1.55 ± 0.04 1.56 ± 0.03 
Table 19. Mean shank length (cm) from 23 to 55 weeks by lines and hatch 
date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 7.90 ± 0.09 7.92 ± 0.06 8.08 ± 0.06 7.74 ± 0.06 7.91 ± 0.05 
27 7.72 ± 0.09 7.92 ± 0.06 7.88 ± 0.07 7.80 ± 0.08 7.84 ± 0.05 
31 7.47 ± 0.06 7.98 ± 0.06 7.80 ± 0.08 7.71 ± 0.08 7.76 ± 0.06 
35 7.72 ± 0.06 8.10 ± 0.06 7.99 ± 0.06 7.88 ± 0.08 7.94 ± 0.05 
39 7.54 ± 0.23 8.08 ± 0.04 7.76 ± 0.21 7.94 ± 0.06 7.85 ± 0.11 
43 7.75 ± 0.07 8.28 ± 0.06 8.10 ± 0.09 8.02 ± 0.08 8.06 ± 0.06 
47 7.81 ± 0.09 8.03 ± 0.04 7.96 ± 0.06 7.91 ± 0.07 7.93 ± 0.05 
55 7.73 ± 0.06 8.01 ± 0.05 7.88 ± 0.06 7.91 ± 0.06 7.89 ± 0.04 
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Table 20- Mean abdominal skin pinch (ran) from 23 to 55 weeks by lines 
and hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 2.91 ± 0.16 3.38 0.19 3.10 0.18 3.66 0.19 3.18 0.13 
27 3.53 + 0.20 3.37 + 0.18 3.48 ± 0.19 3.40 0.19 3.44 0.13 
31 3.45 0.19 2.99 + 0.14 3.27 0.18 3.10 + 0.15 3.19 0.12 
35 3.17 0.19 2.79 + 0.16 3.26 0.15 2.64 0.17 2.95 0.12 
39 3.03 0.11 2.93 ± 0.16 3.20 0.13 2.75 0.14 2.97 0.10 
43 2.99 0.14 2.80 0.15 2.87 0.19 2.90 0.11 2.88 0.11 
47 3.47 + 0.31 2.76 0.15 3.52 0.23 2.60 0.19 3.06 0.17 
55 3.34 + 0.25 3.40 0.16 3.66 + 0.22 3.09 0.15 3.38 0.14 
Table 21. Mean fat score from 23 to 55 weeks by lines and hatch dates 
(1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 1.83 ± 0.20 1.88 ± 0.16 1.95 ± 0.18 1.76 ± 0.18 1.86 ± 0.13 
27 1.89 ± 0.21 2.33 ± 0.26 2.05 ± 0.25 2.24 ± 0.25 2.14 ± 0.18 
31 1.72 ± 0.21 2.38 ± 0.22 2.05 ± 0.23 2.14 ± 0.23 2.10 ± 0.16 
35 1.89 ± 0.27 2.21 ± 0.26 1.57 ± 0.15 2.57 ± 0.31 2.07 ± 0.19 
39 2.11 ± 0.31 2.38 ± 0.28 1.90 ± 0.28 2.62 ± 0.29 2.26 ± 0.21 
43 2.17 ± 0.25 3.38 ± 0.25 2.76 ± 0.31 2.95 ± 0.26 2.86 ± 0.20 
47 2.56 ± 0.34 2.63 ± 0.28 2.81 ± 0.36 2.38 ± 0.23 2.60 ± 0.21 
55 2.89 ± 0.29 3.63 ± 0.25 3.48 ± 0.26 3.14 ± 0.29 3.31 ± 0.19 
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Table 22. Mean oviduct weight (g) from 23 to 55 weeks by lines and hatch 
date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 32.3 ± 2.4 11.5 ± 3.1 15.4 ± 3.6 25.4 ± 3.5 20.4 ± 2.6 
27 36.4 ± 1.8 33.1 ± 2.9 30.9 ± 2.9 38.1 ± 2.0 34.5 ± 1.8 
31 36.4 ± 2.3 35.8 ± 2.4 37.3 ± 2.2 34.8 ± 2.5 36.1 ± 1.7 
35 33.9 ± 2.8 35.2 ± 2.3 31.0 ± 1.7 38.3 ± 2.9 34.6 ± 1.7 
39 38.2 ± 2.3 37.8 ± 2.3 37.9 ± 1.8 38.0 ± 2.8 38.0 ± 1.6 
43 36.5 ± 2.4 34.3 ± 3.6 33.1 ± 3.6 37.3 ± 2.5 35.2 ± 2.2 
47 25.7 ± 3.5 34.0 ± 2.6 26.8 ± 3.3 34.1 ± 2.8 30.5 ± 2.2 
55 34.3 ± 2.8 47.5 ± 2.4 44.3 ± 3.4 39.4 ± 2.4 41.8 ± 2.1 
Table 23. Mean ovicluster weight (g) from 23 to 55 weeks by lines and 
hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 50-1 ± 7.2 16.6 ± 5.6 19.1 ± 5.0 42.7 ± 7.6 30.9 ± 5.1 
27 61.6 ± 5.6 50.0 ± 7.2 48.4 ± 7.1 61.6 ± 6.2 55.0 ± 4.8 
31 67.9 ± 6.3 72.3 ± 6.4 66.1 ± 6.4 74.7 ± 6.4 70.4 ± 4.5 
35 77.7 ± 5.2 71.7 ± 7.3 62.5 ± 6.7 86.0 ± 5.6 74.3 ± 4.7 
39 77.2 ± 4.9 76.3 ± 5.8 67.6 ± 4.2 85.8 ± 6.1 76.7 ± 3.9 
43 77.8 ± 6.9 70.4 ± 7.6 62.9 ± 7.3 84.2 ± 6.9 73.5 ± 5.2 
47 64.0 ± 9.0 76.1 ± 7.9 59.2 ± 9.2 82.6 ± 6.8 70.9 ± 6.0 
55 82.7 ± 8.4 72.4 ± 6.0 63.7 ± 7.4 89.9 ± 5.4 76.8 ± 5.0 
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Table 24. Mean total egg production (percent) from birds sampled between 
23 and 55 weeks by lines and hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 79.2 6.7 77.7 14.7 81.4 + 7.5 77.0 8.9 78.9 ± 5.8 
27 85.0 + 4.1 78.8 ± 3.9 65.8 5.4 73.8 + 5.7 69.9 4.0 
31 73.0 ± 3.7 80.2 + 3.3 74.6 2.8 79.6 3.2 77.1 2.1 
35 75.1 3.7 79.9 2.6 83.4 2.6 72.3 ± 3.2 77.9 + 2.2 
39 72.5 + 2.1 74.8 2.2 74.6 2.2 73.1 2.2 73.8 ± 1.5 
43 74.4 ± 2.0 72.2 3.7 70.5 ± 4.0 76.1 2.1 73.3 + 2.3 
47 64.7 + 4.2 71.5 3.0 67.2 3.7 69.8 3.4 68.5 + 2.5 
55 66.7 3.3 77.3 1.3 77.4 + 4.5 72.7 + 1.7 72.9 1.7 
Table 25. Mean age at first egg of birds sampled between 23 and 55 
weeks by lines and hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
23 156 + 1.7 152 1.9 156 ± 2.4 154 1.8 155 + 1.4 
27 164 2.9 173 ± 4.5 167 3.7 169 + 2.9 170 + 2.3 
31 165 + 3.4 177 ± 4.1 168 4.2 175 3.9 171 + 2.9 
35 166 4.2 178 + 3.6 171 + 3.9 175 4.2 173 2.9 
39 167 4.0 185 + 2.4 175 4.0 179 3.3 177 + 2.6 
43 166 + 3.0 181 3.7 175 + 4.3 174 3.3 175 + 2.7 
47 170 3.2 183 + 2.9 178 4.0 176 2.7 177 2.3 
55 178 + 6.5 183 3.6 184 6.0 177 + 3.3 181 + 3.4 
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Table 26. Mean egg weight (g) from birds slaughtered between 35 and 55 
weeks by lines and hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
35^  51.8 ± 1.0 52.4 0.7 51.7 + 0.8 52.6 + 0.8 52.1 0.6 
39^  51.1 1.0 53.4 0.8 52.2 + 1.0 52.7 + 0.9 52.5 0.7 
43^  54.8 -t* 1.3 52.9 0.9 54.9 + 1.1 52.6 + 1.1 53.7 0.8 
47^  52.1 1.2 51.7 + 0.9 51.4 + 0.9 52.2 + 1.1 51.8 0.7 
55* 52.3 1.0 52.3 0.7 52.4 + 0.9 52.3 + 0.8 52.3 0-6 
55^  57.6 + 1.4 58.5 ± 0.9 57.6 + 1.3 58.6 + 1.0 58.2 + 0.8 
B^ased on 32-week egg weight (g). 
B^ased on 55-week egg weight (g). 
Table 27. Egg mass output (g/day) from 35 to 55 weeks based on total 
production period records by lines and hatch date (1975 data) 
Age Q line R line Hatch 1 Hatch 2 Overall 
35* 38.9 41.9 43.1 38.0 40.6 
39* 37.0 39.9 38.9 38.5 38.7 
43* 40.9 38.2 38.7 40.0 39.4 
47* 33.7 37.0 34.5 36.4 35.0 
55* 34.9 40.4 40.6 38.0 38.1 
55° 38.4 45.2 44.6 42.6 42.4 
B^ased on 32-week egg weight (g). 
"Based on 55-week egg weight (g). 
Table 28. Estimates of the coefficient, k, of cross sectional allometry from 23 to 55 weeks using 
the equation Y = bX^  where X is body weight and Y is the trait (1975 data) 
Abdominal 
Shank skin Breast Fat Oviduct Ovicluster 
Age Line length pinch probe score weight weight 
23 Q 0.09 + 0.12 0.35 + 0.76 -0.27 + 0.50 1.15 + 1.25 1.11 + 1.23 0.87 + 3.25 
R 0.11 + 0.06 -0.13 + 0.48 0.36 + 0.26 2.16 + 0.68 5.94 + 2.84 9.00 + 3.09 
27 Q 0.18 + 0.09 0.32 + 0.48 0.47 + 0.43 3.15 + 0.52 -0.24 + 0.46 2.27 ± 0.69 
R 0.19 + 0.06 0.32 ± 0.48 0.64 + 0.45 2.55 + 1.01 3.48 + 1.55 2.43 + 2.55 
31 Q 0.18 + 0.08 -0.93 + 0.65 0.33 + 0.39 1.43 + 1.25 1.25 + 0.75 1.99 + 1.29 
R 0.15 + 0.04 0.46 + 0.29 1.69 + 0.32 2.17 + 0.52 4.10 + 0.89 4.92 + 0.82 
35 Q 0.19 + 0.06 1.11 + 0.45 0.02 + 0.51 3.30 + 0.91 1.23 + 0.72 0.36 + 0.69 
R 0.17 + 0.04 -0.39 + 0.41 0.12 + 0.26 2.54 + 0.64 1.17 + 0.46 3.36 + 0.94 
39 Q 0.64 + 0.37 0.15 + 0.36 1.13 + 0.43 3.59 + 1.02 0.18 + 0.61 0.10 + 0.62 
R 0.16 + 0.03 0.35 + 0.48 0.20 + 0.35 3.43 + 0.87 -0.49 + 0.65 -0.95 + 1.08 
43 Q 0.32 ± 0.07 1.02 + 0.49 -0.11 + 0.65 2.56 + 1.32 -0.72 + 0.81 3.70 + 1.19 
R 0.24 + 0.04 -0.12 + 0.53 0.15 + 0.38 1.81 + 0.79 2.55 + 1.96 3.19 + 2.59 
47 Q 0.17 + 0.10 -0.04 + 0.81 0.07 + 0.35 2.61 + 1.21 1.72 + 2.03 3.70 + 3.00 
R 0.07 + 0.04 0.26 + 0.47 0.15 ± 0.39 2.11 + 0.94 2.76 ± 1.07 3.60 + 2.08 
55 Q 0.14 + 0.05 -0.53 + 0.54 0.28 + 0.40 1.75 + 0.82 0.21 + 1.10 2.32 + 1.77 
R 0.15 + 0.04 0.46 + 0.39 0.50 ± 0.34 2.39 + 0.50 0.82 + 0.41 0.34 + 0.86 
Table 29. Phenotypic correlations between the body composition and 
reproductive traits (1974 data on upper; 1975 data on lower) 
CW EW 20B 32B SL BP SPA 
Live weight .92** .86** .46** .40** .11* .07 
(LW) .95** .90** .47** .80** .50** .23** .06 
Carcass weight .89** .47** .42** .10* .07 
(CW) .89** .50** .82** .50** .27** .03 
Eviscerated weight .51** .41** .14** .10* 
(EW) .49** .81** .50** .26** .12* 
20-week body weight .27** .04 .04 
(20B) .67** .29** .13* -.04 
32-week body weight 
(32B) .48** .16* • .12 
Shank length -.11* .04 
(SL) .06 -.06 
Breast probe -.03 
(BP) .11* 
Abdominal skin pinch 
(SPA) 
Oviduct weight 
(OD) 
Ovicluster weight 
(CM) 
Fat score 
(FS) 
Age at first egg 
(FE) 
32-week egg weight 
(32E) 
*P < 0.05. 
** 
? < 0.01, 
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OD (M FS FE 32E 55E PI P2 PS PT 
.11** .28** .46** -.07 .05 .12* -.11* .03 -.03 
.26** .29** .54** .17** .13 .24 .12* .15* 
.27** .30** .48** .07 .04 .10* -.10* .01 -.04 
.30** .35** .52** .20** .14* .21 .15** .17** 
.08 .17** .53** .04 -.01 .10* -.10* -.04 -.07 
.14* .10 .66** .10 .14* .19 .07 .07 
.03 .12* .48** -.17** .10 .07 .21 .14 -.04 
.09 .13* .28** .27** .14* .58* .28** .28** 
-.01 .02 .37** .23** .29** .46* .05 .05 
.17** .16** .13** .09 -.00 .11* -.04 .10* .04 
.04 .07 .27** .11* .01 .07 .06 .07 
-.07 -.02 .02 .08 -.06 -.01 -.04 .01 .06 
.06 .11* .20** .04 .03 .10 .05 .07 
-.25** -.05 .13** -.04 .04 -.02 -.10* -.07 -.17** 
-.25** -.20** .15* -.15* -.07 -.09 -.15* -.19** 
.41** -.14** .11* .07 .17** -.03 .07 .26** 
.43** .03 .28** -.10 .75* .21** .31** 
-.05 .41** .02 .22** -.08 .21 .29** 
-.23** .20** .04 .31 .24** .31** 
-.02 .04 .01 -.04 -.05 -.17** 
-.02 .08 .22 -.09 -.14* 
-.63** .11* -.81** -.12* .20** 
.34** -.26 .95** .70** 
-.01 .72** .08 -.11* 
.20 .53** .36** 
Table 29. (Continued) 
CW EW 20B 32B SL BP SPA 
55-week egg weight 
(55E) 
Period 1 egg rate 
(PI) 
Period 2 egg rate 
(P2) 
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OD OM FS FE 32E 55E PI P2 P3 FT 
-.01 .30** .53** .04 
.02 
.15** -.04 
.95** 
.59** 
Table 30. Heritabilities and genetic correlations for the body composi­
tion and reproductive traits (1974 data); average standard 
error was 0.12 ± 0.01 
LW CW EW 20B SL BP SPA 
Live weight .92** .96** .99** .60** .37 .31 
(LW) 
Carcass weight .88** .99** .68** .39* .21 
(CW) 
Eviscerated weight .88** .57** .39* .40 
(EW) 
20-week body weight .62* .23 .28 
(203) 
Shank length .75* -.16 
(SL) 
Breast probe .25 
(BP) 
Abdominal skin pinch 
(SPA) 
Oviduct weight 
(OD) 
Ovicluster weight 
(OM) 
Fat score 
(FS) 
Age at first egg 
(FE) 
32-week egg weight 
(32E) 
Parameter nonestimable because a variance component is negative. 
*P < 0.05. 
** 
P < 0.01. 
96 
OD OM FS FE 32E 55 E PI P2 P3 
.27 a .89** .39 .06 a -.30 .22 .17 
,33 a .98** .33 .15 a -.21 .15 -.01 
.50 a 1.00* .50 .10 .27 .31 .12 
.42 .47 -.04 .08 .23 .25 .33 
.49* a -.25 .29* .57 a -.12 .45 .31 
-.06 a .28 .25 -.37 .21 .49 .41 
.28 a .39 -.32 .44 a -.07 .31 .31 
.22 .98 .12 a -.58 -.18 -.28 
.28 -1.05 a -1.15* .15 -.34 
.31 .93* .17 -.04 
Table 30. (Continued) 
LW CW EW 20B SL BP SPA 
55-week egg weight 
(55E) 
Period 1 egg rate 
(PI) 
Period 2 egg rate 
(P2) 
Period 3 egg rate 
(P3) 
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OD OM FS FE 32E 55E PI P2 P3 
a a a a 
.75* .58* .63* 
.38 .97** 
.41 
